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ORGANOPHOSPHAZENES. 20, CARBONYL FUNCTIONALIZED
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i ABSTRACT o
§ The reactions of 2-(3-lithiophenyl)-1, 3-dioxane and 2-(4-lithio- téi

‘S phenyl)-2-methyl-1, 3-dioxane with hexafluorocyclotriphosphazene have ﬁs,
A been examined. Subsequent deacetalization to give the unprotected ;%i
' carbonyl compounds has been achieved. The new carbonyl functionalized Elﬁ:

s

-

and nmr ('H, '3C, *'P) spectroscopy.
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aryl phosphazenes were characterized by mass spectrometry and infrared

Reactions of an organofunctional 'substituent on a cyclophosphazene

The con-

and para-aminophenoxy“
phosphazenes to novel cyclophosphazenes and phosphazene polymers have
Since the aryl group can act as a carrier for a wide

range of functional groups, arylphosphazenes are a parlicularly well

~~~~~



%&é suited class of compounds for these studies. While certain func-
gﬁ? tionalized arylphosphazenes are directly available from the reactions
. of halophosphazenes with aryllithium5 or Grignardé’7 reagents, syslems
#ig with the broadest spectrum of reactivity are usually sensitive to
3§§ organometallic reagents and hence must be prepared by indirect routes.
! In this paper, we present the preparation of arylphosphazenes with
:,q carbonyl moieties as substituents on the arene. Acetonyl-8 and
%{: p-(formyl)phenoxyphosphazene59 have previously been reported.
e EXPERIMENTAL
éa Hexafluorocyclotriphosphazene10, N3P3F6(1), 2-(3-bromophenyl)-
" 1, 3~dioxane and 2-(a-bromophenyl)-2-methyl—l,3-dio'xanell were prepared
%i‘ by previously repofted procedures. Diethylether was distilled from
;%EE sodium benzophenone. Petroleum ether (bp 30-60°) was distilled from
L sodium ribbon. Methyl triphenylphosphonium bromide, n-butyl lithium
i (1.55 M in hexanes), and lithium aluminum hydride were purchased from
? - Aldrich and used as received. Nmr spectrq (in CDClB) were recorded on
i a Bruker WM 250 spectrometer operating at 250.1 ('H), 62.9 ('°C) and
;:3 101.2 (°'P) MHz. Tetramethysilane was used as an internal reference
“; for 'H and '°C while 85% H4P0, was used as an external standard for *'P
t‘ spectra. Chemical shifts upfleld from the reference were assigned a
is negative value and '°C and *'P spectra were recorded under conditions
;;s of broad band decoupling. Infrared spectra were obtained as thin
_;: films on NaCl or KBr disks on a Nicolet 6000 spectrometer. Mass
Ei spectra were recorded on a Finnigan 4610 instrument operating at 70 ev. ﬁf
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Preparation of (3-Formylphenyl)pentafluorocyclotriphosphazene propy- E;:E'E

lene acetal, NyPF 5(3-CgH,CHOCH,CH.CH,0), 2. :j.‘f

A previously described air sensitive reagent reaction vessell? _:*';j"

equipped with a magnetic stirrer, nitrogen inlet, oil bubbler and E:-.f

pressure equalizing dropping f‘anel was charged with 0.35 g (0.05 mol) :%L

of lithium wire in 25 mL of diethyl ether. After flushing the system " .
with nitrogen, a solution of 4.86 g (0.02 mol) of 2-(3-bromophenyl)-1, 3- “1

dioxane in 75 mL of diethylether was slowly added and the solution _‘EE

left to stir overnight. The lithiated dioxane was transferred!? to a

solution of 5.00 g (0.02 mol) of 1 in 100 ml of diethylether at 0°. it::*ﬂ"’
When the transfer was complete, the solution was allowed to warm to sgg?;sg:
room temperature and stirred overnight. The solvent was removed and : \,m
petroleum ether added to precipitate the lithium salts. The solution kjt:
was filtered and the solvent removed to afford a yellow oil which was \
distilled under reduced pressure to give 3.31 g (42.3% of theory) of a :
clear liquid, b.p. 70-73° (0.03 mm Hg). %.%{{
TRV & I H(aromatic) 7-70-8.02 m (4H); 8 OCHoCHoCHoOCH- 4-12 m ‘
(4H); 8 OCHZCHHCH CH- 2.12 m (IH); 8 OCHCHHCHROCH 1.41 m (1H); ';‘::‘:3‘
§ 0(CH2)30CH- 5.53 s (1H). §:$3?
e
Preparation of (3-Formylphenyl)pentafluorocyclotriphosphazene, l
NP 5(3-CH,CHO), 3. \i
Thirty drops of a 50% (v,v) aqueous stoa solution were added to a L “
slurry of 10 g of silica gel (70-230 mesh) in 50 m_ of methylene 't‘-; ;g
hded:
g "5:
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3 chloride and stirred until the aqueous phase had absorbed onto the
3 silica.'® Then, 3.00 g (0.0076 mol) of 2 were added and the slurry

stirred for five days. After neutralization with NaHCO 5, the slurry

r was filtered and washed with diethyl ether. The filtrates were com- ;;~
- )
a; bined and the solvents removed to give 1.89 g (74.7% of theory) of a
l!'

clear liquid, b.p. 68-71° (.03 mm Hg). Anal. Calcd for N3P,F.CH.D, .
R _,
t; mol. wt. 335. Founds m 335 (mass spectrum). l}
» o
: 'H Nmrs & H(aromatic) 7-75-8.09 m (4H), 8cHo 9.99 s (1H). *'P Ninr 4
o § = prr 35.14 m (1P), ‘3o =988, *Jop = 77.4y *Jppirgns = 1943 T3
;'l 3 _ R 1 - 13 15 '.:w“
. JPFCiS = 3. 5, 6 'PF2 9. 15 m (Z:), JPF = 8950 C Nmr: i.:'r
': § ¢, 129.74, & c3 130.74, & ¢, 131.88, & C55 141.09, § ¢4 127.58; -
. 8 C; 192.41. IRe1® 1695 (s, v __ ), 1589 (m, v _. aromatic), 1274 (s,
£
? von)s 945 (my v asym), 838 (m, vpe sym). t
- ot
: Attempted Wittig Reaction of 3. The reaction of triphenylphosphine
0 ey
:':': methylene (prepared from methyl triphenylphosphonium bromide ¢nd butyl %»«
) 2
s 1lithium) with 3 yielded a poorly characterized oil. The nmr spectrum ‘
W .

of this material contained no aldehydic or styryl proton resonances. o
:I ,,:\:

%

s: Preparation of (4-Acetylphenyl)pentafluorocyclotriphosphazene propy- E}
» .
W

0 lene acetal, N3P3F5-4-C6HAC(CH3)OCHZCHZCHZO, 4. The preparation is

similar to that of 2 except that 2-(4-bromophenyl)-2-methyl-1, 3- Tl
: dioxane (10.63 g, 0.0413 mol) in 125 mL of ether was used in place of N

2-(3-bromophenyl)-1, 3-dioxane. The lithiated dioxane was allowed to
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react with a solution of 10.33 g (0.0413 mol) of 1 in 200 mL of ether. -‘/- :
The resulting oil was distilled at reduced pressure to give 11.21 g *‘Z?Qj: '
(66.7 % of theory) of a clear liquid, b.p. 82-85° (0.02 mm Hg). " e
"4 Nmrg 17 8o 7:95 m (2H); Sy 7-69 m (2H); 80CHCHoCH,OC(CH3)- "t%f.
3.81 m (4H); & OCHZCHHCHO0C(CH3) = 2. 13 m (1H); & OCHoCHHCHLOC(CH3)~ ;é:g
1.28 m (1H); 8cug 151 s (3H). flfrk
:::Q(_: )

Preparation of 4-Acetylphenylpentafluorocyclotriphosphazene, *5:;;
NoP5F 5-a-C6H4C(0)CH3, 5. The procedure is similar to that used to KRR
prepare 3. In a typical experiment, 1.00 g (0.0025 mol) of 4 were .—";b;?%
added to the acidic silica gel slurry and stirred for two days. The \ g?:":

resulting oil was distilled to give 0.73 g (85.0% of theory) of a
clear liquid, b.p. .72-75° (0.03 mm Hg). Anal. Calcd. for NP 5F sCgH-0 ?f.‘_-...:?f‘
mol. wt. 359. Founds 359 (mass spectrum). 'H Nmrx 8H(aromatic) \";AJ"C
7.96-8.10 m (4H); 6cHz 2.65 s (3H). ' P Nmrs & = prr 33.78 m (1P), _
“Jpr =989, *Jpp = 79.3, *Jprirans = 19-6, *Jpp Cis = 4.3; Sepr, 8.91 Cl:_i‘i
m (2P), ‘3o = 902, °C Nmrsl® 6c, 128.89; 6cy 131.5 o6, 141.82,

1 . _.u_l.n‘:

6C5 197.45, 8cg 26,89, IR:'® 1698 (s, v __ ), 1587 (mv __, aromatic), —_
. 8

1272 (s, vp_y), 943 (M Vppagindy 839 (v, sym). ~.§?..:"‘“-.-;
| oo

Attempted Reduction of 5. Although the reaction of 5 with lithium ! .‘r‘;‘
aluminum hydride in diethyl ether was accompanied by the disappearance PN

of the carbonyl band in the IR, no isolable product was obtained.
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RESULTS AND DISCUSSION
Carbonyl functionalized arylphosphazenes may be produced through o
the action of lithiated benzaldehyde or acetophenone derivatives on :.j::
__./_-\.»
N3P3F6 (1), provided that the carbonyl moiety is protected as an ace- "'
Tl
Lal. Removal of the protecting group may be effected through the use NALY
of diluted H,SO, on silica gel.. The new carbonyl derivatives were . -
Y
Loy
8 8
o o T
- Rl )
2 R=H, meta N3l33F5 i
4 R=CHs, para NP Fc
b
- H MH20 Siop NP F o X
| ] PRI
I-' [
CH.CL, g
3 R=H, meta N3P3F5 ::_:::_.‘
5 R=CHy, para NP s RO
\'--\-
!.
characterized by infrared (IR) and nmr ('H, !3C, *!P) spectroscopy as e
well as mass spectrometry. ~
The proton nmr spectra of the dioxane derivatives 2 and 4 resenble
those of the parent organic compounds with additional phosphorus- e
t.“:\.'--.
proton coupling in the phenyl region. All of the aryl and benzylic _‘::-::::::
"q‘,‘- "
\*\
-‘.\";s
BN
I
:;\ :\,‘.
£y
Wil
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protons resonances are shifted downfield relative to the parent com-
pounds due to the strong electron withdrawing effect of the
N3P oF g residue.lg
The lower yleld of 2 relative to 4 may be related to the fact thal
the benzylic proton of 2 is acidic and could be removed by the organo-
lithium reagent. The resulting carbanion may then enter into unde-
sirable side reactions. By way of contrast, 4 has no benzylic protons
thus this potential for side reactions is obviated.

The acetal protecting groups were removed using dilute H,SO

2
adsorbed onto silica gel. More conventional methods of acetal

4

cleavage20 failed, as the N3P3F5 group is sensitive to the aqueous
acidic conditions usually employed. An additional benefit of this
procedure is that the 1,3 propane diol liberated in the reaction,
which could react further with the phosphazene, 2} is adsorbed onto the
silica gel and is easily removed from the reaction mixture.

The 'H nmr spectra of compounds 3 and 5 also resemble those of
benzaldehyde and acetophenone with additional phosphorus-proton
coupling being evident in the aryl proton region. A comparison of the
carbonyl carbon chemical shifts between the parent organic compounds
and the phosphazene derivatives reveals a downfield shift of about 1.5
ppm due to the electron withdrawing effect of the phosphazene. The

3P nmr data are consistent with a monosubstituted phosphazene. 1he

downfield doublet due to the ®PFR center is interpretable on a firs!h
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\J
X order basis and the values of 'Jo, *Jpp, 'Jpr (cis and trans) are

easily obtained. The resonance for the =PF2 centers is second order

-
P LXK X%

in nature. The IR spectra of 3 and 5 contain the characteristic bands ERE
N for a monoarylpentafluorocyclotriphosphazene22 as well as the v _ and ;55:
S = RS
X v,_c bands associated with an aromatic carbonyl compound. It is R
interesting to note that value for Vo in 5 is ldentical to that of _
QS
j p-nitroacetophenone. Other measurements indicate that the electron ey
y 3%
- Byl
- withdrawing ability of the N3P3F5 group on a phenyl ring is approxima- ;j?f
tely equivalent to that of a nitro group.lg ??f
X Limited attempts at further synthetic transformations of the car- i:?
k. bonyl groups directed towards the preparation of olefins2 were unsuc- i?t
cessful. As indicated by IR spectroscopy, the carbonyl group '
. W
- undergoes reaction but only unidentified degradation products were N
Al
obtained., It is believed that oxyanions produced in the reaction ij
z undergo further reactions with the NoP5F moiety. Thus, any synthetic 45
N applications of these materials must involve sequences which can not 2?
N be interrupted by reactions at the phosphorus (v) center. ;73'
p o
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